TITLE OF THE INVENTION 
SEALED BATTERY 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a rectangular type 

battery- In particular, the invention relates to a 
rectangular type battery comprising a positive electrode 
and a negative electrode laminated on each other with a 
separator interposed between them, and also to a sealed 

10 battery such as a lithium ion battery. 

In devices and equipment using batteries, a battery 
accommodating compartment designed in form of rectangular 
parallelepiped is generally used. When a cylindrical 
battery is accommodated in the battery accommodating 

15 compartment in form of rectangular parallelepiped, there is 
a problem in that ineffective volume is increased. 
Further, diameter of the cylindrical battery is limited by 
the thickness of the battery accommodating compartment. 
For this reason, in small-size or thin-walled devices or 

20 equipment, a rectangular type sealed battery with smaller 
thickness is used instead of a cylindrical type battery. 

In these batteries , capacity of the battery depends on 
the quantity of active components in the positive electrode 
and the negative electrode laminated on each other with a 

25 separator interposed between them. The positive and the 
negative electrodes are produced as follows : A positive 
electrode active component and a negative electrode active 
component, each on a belt-like metal base, are coated on 
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each of a positive electrode current collector and a 
negative electrode current collector respectively. By 
increasing the coating thickness of the active components , 
it is possible to increase electric capacity of the 
positive electrodes and the negative electrodes . 

A battery element is prepared by laminating the 
positive electrode and the negative electrode on each other 
via a separator, and this battery element is accommodated 
in a battery case . When the thickness of active component 
layers of the positive and the negative electrodes is 
increased in the battery, the swelling or the expansion of 
the battery case when the battery is charged is unavoidably 
increased . 

When the swelling of the battery case is increased, 
there may be difficulties in disposing the battery on the 
devices or equipment where the battery is used or 
ineffective space may be increased in order to provide 
surplus space to cope with the anticipated swelling. 

JP-07183010 (A) describes a method for manufacturing a 
rectangular type sealed battery. In this method, a side 
surface of an external case of the battery in contact with 
the battery element is designed in recessed form. 

However, in a battery with smaller thickness where the 
side surface is merely depressed, it is difficult to attain 
sufficient effect. 

It is an object of the present invention to provide a 
rectangular type battery, by which it is possible to 
prevent swelling or expansion of the side surface of the 





battery case caused by swelling of the battery element when 
the battery is charged, and also to eliminate useless or 
ineffective space in the battery accommodating compartment. 



The present invention provides a sealed battery/ 
accommodating a battery element of flat shape, said battery 
element comprising a positive electrode and a negative 
electrode being laminated on each other with a separator 

10 interposed between them and being wound together, 

characterized in that a recessed portion is formed on a 
side surface of a battery case running in parallel to a 
flat surface of the battery element, said recessed portion 
having a central axis running in parallel to said flat 

15 surface and being positioned on a surface passing through 
the center of the battery case and running perpendicularly 
to the surface in parallel to the flat surface of the 
battery element. 



20 battery as described above, wherein a vertical wall surface 



wall surface connecting an end of the recessed portion in 
form of curved surface on an opening of the battery case 
with a side surface in parallel to the flat surface of the 
25 battery element in the battery case, and a distance from 
the wall surface to the opening end of the battery is 
gradually reduced toward the center. 
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SUMMARY OF THE INVENTION 



Also, the present invention provides the sealed 



is designed in form of a small curved surface, and said 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of a sealed battery of 
the present invention; 

Fig. 2 is a drawing to explain another example of the 
5 sealed battery of the present invention; 

Fig. 3 is a schema tical drawing of a sealed battery of 
an embodiment of the invention; 

Fig. 4 is a diagram to explain thickness of the 
battery ; and 

10 Fig. 5 is a diagram to explain thickness of the 

battery . 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
A sealed battery according to the present invention 

15 comprises a battery element in flat shape. A positive 

electrode and a negative electrode are laminated on each 
other with a separator interposed between them. This is 
wound up to prepare a battery element in flat shape, and 
these battery element is accommodated in a sealed battery. 

20 It has been found in this type of battery that the battery 
case is deformed due to swelling or expansion of the flat 
surface in perpendicular direction when the battery is 
charged, and this deformation can be suppressed or 
eliminated by forming a recessed portion on wall surface of 

25 the bat tery case to a specific shape. 

Specifically, if a recessed portion with curved bottom 
surface is formed on a side surface of the battery case 
facing to the flat surface of a battery element, the 
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swelling or expansion of the batte ry case ca n be 

effectively suppressed when the battery is charged compared 

^ 

with the case where a planar recess is formed. 

Description will be given below on the present 

5 invention referring to the attached drawings . 

Fig. 1 is a perspective view of a sealed battery of 

the present invention, showing inner structure of a battery 

case in through-vision view; 

In a sealed battery 1 of the present invention, a 

10 positive electrode and a negative electrode are laminated 

on each other with a separator interposed between them in a 
rectangular type battery case 2, and these are wound up in 
flat shape. Then, this is pressurized to have flat shape 
to match the shape of the battery case, and a battery 

15 element 3 is prepared. Then, this is accommodated in the 
battery case . A current collecting tab 4 from one of the 
electrodes is connected to a current leading terminal 6 
provided on a top cover 5 of the battery case. Another 
current collecting tab 7 from the other electrode is 

20 connected to an inner surface 8 of the battery case . 

On a side surface 9 of the battery case running in 
parallel to the flat surface of the battery element, a 
curved recess 10 is formed. The curved recess has its 
central axis running in parallel to a flat surface on the 

25 side of the battery case and is formed on a surface passing 
through the center of the battery case and running 
perpendicularly to a flat surface of the battery element, 
i.e. a surface running perpendicularly to the side surface 
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9 of the battery case, and it has a^c oncave sur fa ce 
depressed toward the inner part of the battery case. 

In the sealed battery of the present invention, the 
central portion of the flat surface of the battery element 
is swollen or expanded at the most when the battery is 
charged. According to the present invention, such 
swelling or expansion of the battery element can be 
suppressed or prevented because the swel ling or expandin g 
surface is pressed against(convgy portion^g the curved 



10 suifax5§~"provided on the side surface of the battery case. 

It is preferable that the curved surface is provided 
at the center of the side surface 9 of the battery case 
positioned in parallel to the flat surface of the battery 
case as in the present invention. 
15 The^depth from the side surface 9 of the battery case 

in parallel to the flat surface to the deepest portion (the 
most depressed portion) of the curved surface can be 
adjusted by selecting the size of the battery case or 
thickness of a metal material of the battery case. 
20 Fig. 2 is a perspective view to explain another 

example of the sealed battery of the present invention. 

A recessed portion 10 with curved surface is formed on 
the side surface 9 of the battery case positioned in 
parallel to the flat surface of the battery element in the 
25 sealed battery 1. The recessed portion 10 comprises a 
curved surface, which has a central axis running in 
parallel to the flat surface on outer side of the battery 
case. It is on a surface passing through the center of 
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the battery case and positioned perpendicularly to the flat 
surface of the battery element, i.e. a surface 
perpendicular to the side surface of the battery case. It 
has a curved surface depressed toward the inner part of the 
5 battery case. 

A wall surface perpendicular to the surface 9 of the 
battery case is formed by the end of the recessed portion 
with curved surface positioned on an opening of the battery 
case and the side surface 9 of the battery case. A 

10 distance from this wall surface to an end of the opening of 
the battery case is reduced toward the center, i.e. this 
wall surface is formed as an arcuate curved surface 11 . 

The closer the arcuate curved surface 11 is positioned 
to the upper opening end of the battery case, the more the 

15 effect is obtained to suppress the swelling or expansion of 
the battery case. When a current collecting tab connected 
to the battery element is connected to the inner wall 
surface of the battery case, it is difficult to connect by 
welding if the connecting portion is in form of curved 

20 surface, and the connecting portion must be designed as a 
flat surface. For this reason, it must be in such size 
that a flat surface serving as the connecting portion can 
be maintained. 

In the following, description will be given on 

25 embodiments of the present invention. 
(Example 1) 

A soft steel plate in the size of 64 . 5 x 22 x 6 . 3 mm 
(height x length x width) and in thickness of 0.35 mm was 
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processed by nickel plating. On a side surface of a 
battery case, which is made of this soft steel plate, a 
curved recess with a depth of 1 . 5 m m was formed. As shown 
in Fig. 3, the lower end of the recessed portion was at a 
5 distance of 3.0 mm from the bottom of the battery case, and 
the upper end of the recessed portion was at a distance of 
5 . 5 mm from the upper opening of the battery case . An 
arcuate wall surface was formed from a position at 5 . 5 mm 



f ronr-the upper opening of the battery case to a position at 



the curved surface is on the surface, which has the central 
axis running perpendicularly to the side surface with the 
larger surface area. 

A mixture comprising 92 weight parts of lithium 

15 manganate (Lii +3t Mn 2 -x0 4 ) powder, 5 weight parts of carbon 
black, and 3 weight parts of vinylidene polyfluoride was 
coated on an aluminum foil and was dried, and a positive 
electrode was prepared. A mixture comprising 91 weight 
parts of graphitized meso-carbon microbeads (MCMB; Osaka 

20 Gas Co., Ltd.), 1 weight part of carbon black, and 8 weight 
parts of vinylidene polyfluoride was coated on a copper 
foil and was dried, and a negative electrode was prepared. 
Separators made of fine porous polypropylene film were 
placed on both surfaces of the negative electrode, and both 

25 electrodes were wound up together in spiral form so that 
the negative electrode is exposed to outside, and the 
battery element thus prepared was accommodated in the 
battery case. 
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3 . 0 mm from the upper opening end . 



The central axis of 
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In a mixed solvent comprising 30 volume parts of 
ethylene carbonate and 70 volume parts of diethyl carbonate, 
LiPF 6 was dissolved to have concentration of 1.0 mol/1, and 
an electrolytic solution was prepared. This electrolytic 
5 solution was injected into the battery case, and a lithium 
ion secondary battery was prepared. 

On each of 20 secondary batteries thus prepared, 
measurement was made on thickness at the center of the 
battery and thickness at the uppermost position where the 
10 upper curved surface of the battery case and the side 

surface of the battery case were joined together. Average 
values calculated from the measured values are shown in Fig. 
4. 

(Example 2) 

15 Batteries were prepared by the same procedure as in 

Example 1 except that an arcuate wall surface was not 
provided near the opening of the curved surface and a 
horizontal wall surface was disposed at the bottom of the 
battery case in the same manner as near the case bottom. 

20 Measurement was made on thickness of each battery case by 

the same procedure as in Example 1 . The results are shown 
in Fig . 4 . 

(Comparative example 1) 

A sealed battery was prepared by the same procedure as 
25 in Example 1 except that the recessed portion was not 

formed on the side surface. The results of measurement 
are shown in Fig . 4 . 
(Comparative example 2) 




A sealed battery was prepared by the same procedure as 
in Example 1 except that a recessed portion in planar shape 
was formed with its bottom positioned at a depth of 1 . 5 mm 
from the side surface instead of the recessed portion in 
5 curved surface. The results of the measurement are shown 
in Fig . 4 . 
(Example 3) 

A concave surface was formed in the same manner as ^Ln 
Example 1 except that the distance from the^peniri^of the 

10 battery case to the uppermost end of the arcuate form was 
changed to 5 mm, 3-5 mm and^.O mm respectively, and 
thickness of each battery case was measured. The results 
are shown in Fig. 5. From these results, it was found 
that the shorter the distance to the uppermost end was, the 

15 thinner the thickness of the battery case at the uppermost 
part of the curved surface wa s . 

As described above, by forming a recessed portion in 
form of a curved surface on the side surface of the battery 
case, swelling or expansion of the battery case can be 

20 suppressed when the battery is charged, and thickness of 
the battery case can be maintained within a predetermined 
limit. 
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